INTRODUCTION {#sec1-1}
============

Aniline is a toxic aromatic amine, widely used in chemical industry, particularly in the manufacture of dyes, resins, varnishes, perfumes, pigments, herbicides, fungicides, explosives, isocyanates, hydroquinone, and rubber chemicals.\[[@ref1]\] Chronic exposure to aniline leads to the development of splenomegaly, increased erythropoietic activity, hyper pigmentation, hyperplasia, and fibrosis.\[[@ref2][@ref3][@ref4]\] The clinical symptoms of aniline exposure such as cyanosis, weakness, dizziness, headache, stupor, loss of coordination, and coma occur rapidly (within 1--3 h) after ingestion or skin contact.\[[@ref3]\] Earlier studies have shown that aniline exposure leads to the formation of oxidative and nitrosative stress which is due to iron overload and induction of lipid peroxidation. The excess production of free radicals could attack proteins and nucleic acid leading to structural and functional changes in the spleen.\[[@ref5]\]

Natural products having antioxidant property are gaining importance in disease prevention where oxidative stress has been involved. *D. alata* L. (DA); popularly known as white, water, or winged yam; is a tuberous root vegetable which belongs to the genus of Dioscorea. DAis mainly cultivated for its large white edible flesh roots which have high carbohydrate content. The yams contain steroid saponins along with sapogenins, such as diasogenin. It is reported to possess anticarcinogenic,\[[@ref6]\] antimicrobial,\[[@ref7]\] antihypertensive,\[[@ref8]\] antioxidant,\[[@ref9]\] and reno- and hepatoprotective activities.\[[@ref10]\] The tubers of some Dioscorea species have been used in traditional medicine for diarrhea, diabetes, skin problems, and rheumatism. They are also used as tonic for the spleen, stomach, lung, and kidney disorders.\[[@ref11]\] Based on its potent antioxidant activity and traditional uses, the present study was designed to assess the effect of (DA) on aniline exposure-induced spleen toxicity in rats by evaluating different biochemical parameters.

MATERIALS AND METHODS {#sec1-2}
=====================

Drugs and chemicals {#sec2-1}
-------------------

Standardized extracts of (DA) was obtained as gift sample from Green Chem Pvt Ltd, Bangalore, India, along with certificate of analysis. Aniline hydrochloride (AH); 2,2'-dipyridy l, 5,5'- dithiobis-(2-nitrobenzoic acid); and N-(1-Napthyl) ethylenediamine dihydrochloride were purchased from HiMedia Lab. Pvt Ltd, Mumbai. All the other chemicals used in the study were of analytical grade and procured from standard supplier.

Animals {#sec2-2}
-------

Wistar rats of either sex (200--250g) were used in the study and each group contains six rats (three male and three female). The animals were procured from LACSMI Biofarms, AUNDH (Pune). Rats were placed separately in polypropylene cages (four per cage) with paddy husk as bedding. The animals were maintained under standard laboratory conditions at temperature 23 ± 1°C, relative humidity 45--55, and 12 h light and 12 h dark cycles throughout the experiments. The experimental protocol was approved by Institutional Animal Ethics Committee (IAEC) of SSDJ College of Pharmacy, Neminagar, Chandwad (approval no. SSDJ/IAEC/2012/028).

Experimental protocol {#sec2-3}
---------------------

Animals were divided into different groups (*n* = 6). Group I served as normal control and received 1% carboxymethyl cellulose (CMC), orally as vehicle. Group II rats received AH (100 ppm) in drinking water for 30 days. Group III and IV rats received AH (100 ppm) via drinking water and DA in two different doses (50 and 100 mg/kg/po) for 30 days. Group Vrats received DA (100 mg/kg/po) for 30 days.

Biochemical evaluation {#sec2-4}
----------------------

General parameters like body weight, liver and spleen weight, water intake, feed intake, and fecal matter content (using metabolic cages) were studied in between and at the end of study.

At the end of treatment period, blood was withdrawn from retroorbital plexus using glass capillary and serum was separated. Blood sample was used for the estimation of hemoglobin (Sahli\'s hemometer method), and red blood cell (RBC) and white blood cell (WBC) using hemocytometer;\[[@ref12]\] and serum sample was used for the estimation of iron content\[[@ref13]\] and protein content using Span Diagnostic kit.

Assessment of tissue parameters {#sec2-5}
-------------------------------

### Tissues homogenization {#sec3-1}

The animals were euthanized using humane procedure, spleen and liver quickly transferred to ice-cold Tris-hydrochloric buffered saline (pH 7.4). It was blotted free of blood and tissue fluids, weighed on a Single Pan Electronic Balance (Precisa 205 ASCS). The organs were cross-chopped with surgical scalpel into fine slices, suspended in chilled0.25M sucrose solution, and quickly blotted on a filter paper. The tissues were then minced and homogenized in chilled Tris-hydrochloride buffer (10 mM, pH 7.4) to a concentration of 10% w/v. Prolonged homogenization under hypotonic condition was designed to disrupt, as far as possible, the structure of the cells so as to release soluble proteins. The homogenate was centrifuged at 10,000 rpm at 0°C for 15 min using Remi C-24 high speed cooling centrifuge. The clear supernatant was used for the determination of lipid peroxidation and reduced glutathione (GSH) level.

### Assessment of lipid peroxidation {#sec3-2}

Two milliliter of the tissue homogenate (supernatant) was added to 2.0 ml of freshly prepared 10% w/v trichloroacetic acid (TCA) and the mixture was allowed to stand in an ice bath for 15 min. After 15 min, the precipitate was separated by centrifugation (2,000 rpm for 10 min) and 2.0 ml of clear supernatant solution was mixed with 2.0 ml of freshly prepared thiobarbituric acid (TBA). The resulting solution was heated in a boiling water bath for 10 min. It was then immediately cooled in an ice bath for 5 min. The color developed was measured at 532nm against reagent blank. Different concentrations (0--23 nM) of standard malondialdehyde (MDA; prepared from 1,1,3,3-tetraethoxypropane, obtained from Sigma Chemicals, St Louis, MO, USA) were taken and processed as above for standard graph. The values were expressed as nM of MDA/mg tissue.\[[@ref14]\]

### Assessment of GSH content {#sec3-3}

Equal volumes of tissue homogenate (supernatant) and 20% TCA were mixed. The precipitated fraction was centrifuged and to 0.25 ml of supernatant, 2ml of 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) reagent was added. The final volume was made up to 3ml with phosphate buffer. The color developed was read at 412 nm against reagent blank. A standard graph was plotted using standard Glutathione obtained from Sigma Chemicals, St Louis, MO, USA. Protein content was estimated using Lowry C and Folin\'s phenol reagent in the spleen. The amount of GSH was expressed as microgram of GSH/mg protein.\[[@ref15]\]

### Assessment of nitric oxide (NO) contents {#sec3-4}

To 1 ml of tissue homogenate, add 1 ml of Griess reagent and incubate it for 15 min at 37°C. Read the absorbance at 540 nm against a Griess reagent blank. Sodium nitrite solution was used as the standard. The amount of nitrite present in the samples was estimated from the standard curves obtained.\[[@ref16]\]

Statistical analysis {#sec2-6}
--------------------

All the values are presented as mean ± standard error of the mean (SEM). Statistical significance between more than two groups was tested using one-way analysis of variance (ANOVA) followed by the Tukey\'s multiple comparison test as appropriate using computer-based fitting program (Prism 5). Differences were considered to be statistical significant when *P* \< 0.05.

RESULTS {#sec1-3}
=======

Effect of DA on body weight, liver and spleen weight, water intake, feed intake, and fecal matter content {#sec2-7}
---------------------------------------------------------------------------------------------------------

As shown in [Table 1](#T1){ref-type="table"}, at the end of 30^th^ day body weight, water intake and feed consumption was monitored and it was found to be moderately changed in AH-treated group as compared to control group. Whereas fecal matter content was found to be unchanged in AH-treated group. Chronic (30 Days) treatment with DA (100 mg/kg, po) showed significant alteration in body weight, water intake, and feed consumption feed as compared to AH-treated rats.

###### 

Effect of *Discorea alata* L. on body weight, water intake, feed intake, and fecal matter content in aniline-treated rats after 30 days

![](TI-21-294-g001)

Spleen and liver weight was monitored at the end of study \[[Table 2](#T2){ref-type="table"}\], that is, on 31^st^ day. A significant increased (*P* \< 0.001) in the weight of liver and spleen was observed in AH-treated animals as compared to control rats. Chronic treatment with DA (50 and 100 mg/kg) for 30 days significantly (*P* \< 0.001) restored the weight of spleen and liver as compared to aniline-treated groups. DA (100 mg/kg) showed significant changes in spleen weight as compared to lower dose, that is, 50 mg/kg \[[Table 2](#T2){ref-type="table"}\].

###### 

Effect of *Discorea alata* L. on spleen and liver weight in aniline-treated rats

![](TI-21-294-g002)

Effect of DA on RBC, WBC, and hemoglobin level {#sec2-8}
----------------------------------------------

The RBCs count was significantly (*P* \< 0.01) decreased and WBC count was significantly (*P* \< 0.01) increased in aniline-treated rats as compared to control animals. The chronic (30 days) treatment with DA (100 mg/kg) showed a significant (*P* \< 0.01) increase in RBC count and significant (*P* \< 0.01) decrease in WBC count compared to aniline-treated rats. DA (50 mg/kg) was found to be ineffective in maintaining the level of RBC and WBC. DA alone-treated rats did not show any significant alteration in RBC and WBC count \[[Table 3](#T3){ref-type="table"}\].

###### 

Effect of *Discorea alata* L. on RBC and WBC count in aniline-treated rats

![](TI-21-294-g003)

The level of hemoglobin was found to be significantly (*P* \< 0.01) decreased in aniline-treated rats as compared to control group. Chronic treatment of DA (50 and 100 mg/kg) for 30 days significantly (*P* \< 0.05 and *P* \< 0.01, respectively) increased the level of hemoglobin as compared to aniline-treated rats \[[Figure 1](#F1){ref-type="fig"}\].

![Effect of *Discorea alata* L. on hemoglobin level in aniline-treated rats. Values are expressed as mean ± standard error of the mean (SEM). Level of significance is considered as ^\#^*P* \< 0.05, ^\#\#^*P* \< 0.01, ^\#\#\#^*P* \< 0.001 compared to control group. \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001 compared to AH-treated group. AH = Aniline hydrochloride](TI-21-294-g004){#F1}

Effect of DA on serum total protein and total iron content {#sec2-9}
----------------------------------------------------------

Total protein contents and serum iron content were monitored and shown in Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}. A significant (*P* \< 0.001) decreased in the level of serum protein and a significant (*P* \< 0.001) increased in total iron content was observed in aniline-treated group as compared to control group. Treatment with DA (50 and 100 mg/kg) for 30 days showed significant (*P* \< 0.001) increased in total protein contents and significant (*P* \< 0.001) decreased in total iron content as compared to aniline-treated rats.

![Effect of *Discorea alata* L. on protein content in aniline-treated rats. Values are expressed as mean ± SEM. Level of significance is considered as ^\#^*P* \< 0.05, ^\#\#^*P* \< 0.01, ^\#\#\#^*P* \< 0.001 compared to control. \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001 compared to AH-treated group](TI-21-294-g005){#F2}

![Effect of *Discorea alata* L. on iron content in aniline-treated rats. Values are expressed as mean ± SEM. Level of significance is considered as ^\#^*P* \< 0.05, ^\#\#^*P* \< 0.01, ^\#\#\#^*P* \< 0.001 compared to control. \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001 compared to AH-treated group](TI-21-294-g006){#F3}

Effect of DA on tissue lipid peroxide (LPO), GSH, and serum NO levels {#sec2-10}
---------------------------------------------------------------------

The level of endogenous antioxidants like LPO and GSH were measured in spleen and liver tissue homogenate; whereas, NO level was also monitored \[[Table 4](#T4){ref-type="table"}\]. LPO levels was found to be significantly (*P* \< 0.001) increased in spleen and liver tissue in aniline-treated rats as compared to control group; whereas, GSH level was significantly decreased in both the tissue. Chronic treatment with DA (50 and 100 mg/kg) showed significant (*P* \< 0.001) decrease in LPO levels and significant (*P* \< 0.001) increased in GSH level as compared to aniline-treated group. DA (100 mg/kg) was found to be more effective in maintaining the antioxidant status in aniline-treated rats \[[Table 4](#T4){ref-type="table"}\]. NO levels was significantly (*P* \< 0.001) increased in aniline-treated group as compared to control. Treatment with DA showed significant (*P* \< 0.001) decrease in the level of NO as compared to aniline-treated rats \[[Table 4](#T4){ref-type="table"}\].

###### 

Effect of *Discorea alata* L. on lipid peroxidation, reduced glutathione, and nitric oxide levels in aniline-treated rats

![](TI-21-294-g007)

DISCUSSION {#sec1-4}
==========

Aniline and substituted aniline exposure leads to the development of selective splenic toxicity in rats. Studies have shown that exposure to aniline produces substantial increases in total iron content and oxidative stress in rats.\[[@ref2][@ref3][@ref17]\] AH in rats causes an association between erythrocyte damage and the severity of the splenotoxicity. In the present study, splenic toxicity was induced by chronic administration of AH (100 ppm) via drinking water. Toxicity of spleen was confirmed by evaluating the hemoglobin level for alternate days for 30 days. At 30^th^ day, hemoglobin level was significantly decreased indicating the development of spleen toxicity. Significant decreased in body weight, feed consumption, water intake, and fecal matter in aniline-treated rats might be due to toxicity of aniline which decreased the food consumption and can be directly correlated to decreased body weight. One of the important features of this study was increase in the weights of spleen (splenomegaly) and liver in AH-treated rats. DA is reported to play a major role in the treatment of various conditions such as hypertension, diabetes, hepatotoxicity, and inflammation. DA was reported to exhibit antioxidant activity which can modify serum lipid level.\[[@ref18]\] In the present study, DA treatments reverse the changes in body weight, feed consumption, and water intake in AH-treated animals. The alteration of general parameters suggested the positive effect of DA in AH toxicity.

Changes in the level of hemoglobin, RBC, and WBC were observed. These changes are due to excessive deposition of phenylhydroxylamine (PHA)-modified erythrocytes.\[[@ref19]\] The changes in WBC count might be due to excessive generation of oxidative and nitrosative stress. The changes observed in the blood parameters were similar to earlier studies on aniline and its derivatives.\[[@ref5]\] Treatment with DA showed significant alteration of hemoglobin level and RBC and WBC content, which might be due to the strong antioxidant/free radical scavenging activity of DA.\[[@ref18]\]

In the present study, AH-administered rats displayed significant increase in iron load and decrease in protein contents. Iron plays a significant role as a mediator of AH-induced splenotoxicity.\[[@ref2][@ref3]\] Aniline treatment causes remarkable accumulation of iron which may catalyze excessive formation of reactive oxygen species, which react with and damage proteins, nucleic acids, and lipids; leading to cellular dysfunction.\[[@ref19]\] The aniline exposure leads to iron overload and induction of lipid peroxidation (oxidative stress) in the spleen. Lipid peroxidation and protein oxidation are at least two important early biochemical events in AH-induced splenic toxicity.

In the present study, markers of oxidative stress such as lipid peroxidation, glutathione, and NO were evaluated. AH-induced group showed a significant increase in LPO and NO (it forms a part of reactive nitrogen species); whereas, a significant decrease in GSH level in spleen and liver was observed. Oxidative stress plays vital role in splenic toxicity induced by aniline. Aniline induces lipid peroxidation and protein oxidation suggesting the role of oxidative stress in the splenic toxicity.\[[@ref19]\] It suggested that involvement of oxidative stress in the splenic toxicity induced by aniline. Aniline treatment resulted in significant formation in LPO and GSH, suggested that lipid peroxidation produces structural modification of native proteins, which can alter their functional properties and, thus, contribute to splenic toxicity induced by aniline. Iron deposition in the spleen may result in the formation of reactive oxygen species, which can react with and damage cellular components.\[[@ref2]\] The numerous biological activities of DA have been attributed to their rich phytochemicals including phenolics, saponins, polysaccharides, and mucilage. DA treatment showed the attenuation of splenic toxicity induced by aniline which might be due to its inhibitory potential of reactive oxygen species as well as potent free radical scavenging activity.
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